The nucleoprotein (N) gene of Hendra virus (HeV), an unclassified member of subfamily Paramyxovirinae in the family Paramyxoviridae previously known as equine morbillivirus, was cloned and sequenced. The majority of the deduced amino acid sequence was further confirmed by direct sequencing of peptide fragments of the N protein derived from purified virions. The 3h untranslated sequence of the HeV N gene mRNA was 568 nt and was much longer than that observed in other Paramyxovirinae. The N protein was 532 amino acids in length with a molecular mass of 58n5 kDa. Although the HeV N protein had a slightly higher amino acid sequence identity to those of the genus Morbillivirus than to those of other Paramyxovirinae genera, the level of identity was much lower than that observed within the morbilliviruses. Our results indicated that HeV could not confidently be classified as a member of the genus Morbillivirus, Paramyxovirus or Rubulavirus and suggest that the virus be classified in a new genus within the Paramyxovirinae.
The nucleoprotein (N) gene of Hendra virus (HeV), an unclassified member of subfamily Paramyxovirinae in the family Paramyxoviridae previously known as equine morbillivirus, was cloned and sequenced. The majority of the deduced amino acid sequence was further confirmed by direct sequencing of peptide fragments of the N protein derived from purified virions. The 3h untranslated sequence of the HeV N gene mRNA was 568 nt and was much longer than that observed in other Paramyxovirinae. The N protein was 532 amino acids in length with a molecular mass of 58n5 kDa. Although the HeV N protein had a slightly higher amino acid sequence identity to those of the genus Morbillivirus than to those of other Paramyxovirinae genera, the level of identity was much lower than that observed within the morbilliviruses. Our results indicated that HeV could not confidently be classified as a member of the genus Morbillivirus, Paramyxovirus or Rubulavirus and suggest that the virus be classified in a new genus within the Paramyxovirinae.
Hendra virus (HeV), formerly known as equine morbillivirus, is a newly identified zoonotic agent which caused lethal infection in horses and a human during an outbreak of severe respiratory disease in Hendra, a suburb of Queensland, Australia, in September 1994 (Murray et al., , 1997 . HeV was also responsible for the death of one human and two horses in a separate incident at a location 800 km away from Hendra (O'Sullivan et al., 1996 ; Hooper et al., 1996) . In later experimental trials, the virus was shown to kill cats and guineapigs (Westbury et al., , 1996 . Recently, a serologically Author for correspondence : Lin-Fa Wang.
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closely related virus was isolated from fruit bats, commonly known as flying foxes (genus Pteropus), and tentatively named bat paramyxovirus (BPV). BPV and HeV have an identical nucleotide sequence within a 200 bp region of the matrix (M) gene (Halpin et al., 1996 ; K. Halpin, personal communication) . A high percentage (10-15 %) of bats are seropositive, suggesting that flying foxes may be a natural reservoir for HeV (Halpin et al., 1996) .
On the basis of sequence homology with a small region of the M gene, HeV was provisionally classified as a member of the genus Morbillivirus in the family Paramyxoviridae . However, extensive sequence analysis of the genome has since confirmed that the homology between HeV and morbilliviruses is much lower than that observed among bona fide members of the genus Morbillivirus (Gould, 1996 ; Wang et al., 1998 ; L.-F. Wang, unpublished results) . In addition, the length of the untranslated regions (UTRs) of the F and P genes (Gould, 1996 ; Wang et al., 1998) and the size of the genomic RNA further indicate that HeV is not a classical member of the genus Morbillivirus, and may in fact be the prototype of a new genus within the subfamily Paramyxovirinae (Murray et al., 1997) .
The mature virions of paramyxoviruses are composed of six major structural proteins. Two glycoproteins, the haemagglutinin (H) or glycoprotein (G) and the fusion protein (F), make up the major protein component of the envelope. The M protein, lining the interior surface of the viral envelope, is believed to link the glycoproteins to the internal viral proteins. The nucleoprotein (N) wraps round a negative-stranded RNA genome to give helical filamentous nucleocapsids. Two additional proteins, the phosphoprotein (P) and the large protein or RNA polymerase (L), are associated with the nucleocapsids and are involved in replication as well as transcription of viral RNA. The N protein is the most abundant structural protein and the principal component of the helical capsids containing negative-sense genomic RNA. We report here the nucleotide and deduced amino acid sequences of the N gene of HeV together with the partial amino acid sequence obtained by direct sequencing of peptide fragments of the N protein from purified virions. By comparing the N gene sequence of this new virus with sequences from other members of the subfamily Paramyxovirinae, their evolutionary relationships were established. Methods for purification of virus, cDNA library construction and peptide purification and sequencing have been described previously (Wang et al., 1998) . Briefly, HeV was purified by sucrose-gradient centrifugation, and total genomic RNA was isolated using standard methods. The TimeSaver cDNA Synthesis kit (Pharmacia) was used to make total cDNA by random priming, followed by the addition of an EcoRIadaptor. The cDNA fragments were cloned into pZEro-1 vector (Invitrogen), resulting in a cDNA library of about 100 000 independent primary clones. Specific clones were isolated by a genome walking strategy using small DNA probes for colony hybridization. Whenever a new cDNA fragment was cloned, a small PCR fragment was generated from the end of this new clone and used as a probe for subsequent screening. For protein sequence analysis, structural proteins of purified virions were separated by SDS-PAGE and protein bands were excised, followed by in situ protease digestion. The digested mixture was then separated by HPLC to collect individual peptides for direct sequencing as described previously (Wang et al., 1998) .
A total of five overlapping clones were isolated covering the entire coding region of the N gene. DNA sequencing was performed using the Sequenase kit (USB) and the nucleotide at each position was sequenced at least twice either by sequencing two overlapping clones or by sequencing the opposite strand of the same clone. The complete nucleotide sequence of the N gene has been deposited in GenBank (accession number AF017149). The main features of the HeV N gene are summarized in Table 1 . The mRNA is 2224 nucleotides (nt) in length and is flanked by the trinucleotide inter-cistronic sequence CTT as described for other HeV genes identified so far (Gould, 1996 ; Wang et al., 1998) . Transcription initiation (5h AGGAACCAAGA 3h) and termination (5h ATTAAGAAAAA 3h) sequences were identified on the basis of their conservation within the family Paramyxoviridae (Lamb & Kolakofsky, 1996) .
A search for open reading frames (ORFs) indicated only one of significant size in the N mRNA. ORF-N encodes a protein that is 532 amino acids (aa) in length and has a calculated M r of 58 481. This ORF-N is initiated at the first AUG codon from the 5h end of the mRNA which is flanked by sequences that place it in a favourable translational initiation context (Kozak, 1991) . The N mRNA has a 5h UTR of 57 nt and a 3h UTR of 568 nt [excluding a poly(A) sequence]. Although the size of HeV N protein is not the largest in the subfamily, as shown in Table 1 , its mRNA is much longer than that of any other known member of the Paramyxovirinae. This is due solely to the much longer 3h-UTR. Similar observations have been made for the HeV P, M and F genes Wang et al., 1998) . It is worth noting that although the coding region of morbillivirus N protein genes can vary in size by 6 nt (equivalent to 2 aa), the sizes of their 5h-and 3h-UTRs are absolutely identical (52 and 59 nt, respectively). These UTRs may play a role in maintaining stability and functionality of morbillivirus mRNAs. Lengths of 57 and 568 nt for the 5h-and Hendra virus nucleoprotein gene sequence Hendra virus nucleoprotein gene sequence 
Table 2. Percentage sequence identity between N proteins of HeV and members of the Paramyxovirinae
The numbers given in parentheses represent protein size in amino acids ; databank accession numbers for each protein are given in brackets in the first column. Sequence identities greater than 40 % are given in bold. Abbreviations not already defined in the text or in the legend to Table 1 are : PDV, phocine distemper virus ; RPV, rinderpest virus ; PPRV, peste-des-petitsruminants virus ; hPIV2, human parainfluenza virus 2 ; hPIV4, human parainfluenza virus 4 ; and SV5, simian parainfluenza virus 5.
Morbillivirus Paramyxovirus Rubulavirus
HeV (532) CDV (523) PDV (523) MeV (525) RPV (525) PPRV (525) DMV (523) SeV (524) hPIV1 (524) hPIV3 (515) NDV (489) MaV (537) MuV (549) hPIV2 (542) hPIV4 (551) SV41 ( The biological significance of a longer 3h UTR for HeV mRNAs is not clear at present. Long 3h UTR have previously been noted for mRNAs in another negative-stranded RNA virus family, Filoviridae, which includes Ebola and Marburg viruses (Feldmann & Klenk, 1996) . The deduced amino acid sequence of the HeV N protein is shown in Fig. 1 , aligned with nine N protein sequences, three from each genus within the subfamily Paramyxovirinae. The regions which have been confirmed by direct sequencing of proteolytic peptides from purified viral N protein are shown in bold. A 100 % correlation was observed between the amino acid sequence deduced from the cDNA clones and those obtained by direct peptide sequencing.
A more detailed comparison of all published sequences of the N proteins within the subfamily Paramyxovirinae is summarized in Table 2 . Overall, the HeV N protein has 21-33 % amino acid sequence identity with other Paramyxovirinae N proteins. Although the sequence identity between HeV and morbilliviruses is slightly higher (32-33 %) than that with members of the other two genera, the difference is not significant considering that 31 % sequence identity is observed between HeV and simian parainfluenza virus 41 (SV41), a member of the genus Rubulavirus. This is in marked contrast to the sequence identities of 59-84 % which exist among the N proteins within the genera Morbillivirus and Paramyxovirus. N proteins within the genus Rubulavirus show more diverse sequences. With the exception of Newcastle disease virus (NDV), viruses within each genus of the subfamily Paramyxovirinae share at least 40 % sequence identity. It can be concluded, therefore, that the degree of relatedness between the N protein of HeV and that of existing members of the subfamily Paramyxovirinae is insufficient to place HeV in any of the three currently described genera of the subfamily.
Previous sequence analyses have identified three highly conserved regions within Paramyxovirinae N proteins (Morgan, 1991) . The location and consensus sequence of the three regions are as follows : region 1, aa 171-181, QXW(I,V)XXXK(A,C)XT (where X represents any amino acid residue and either of the residues in parentheses can be present at that position) ; region 2, aa 267-277, FXXT(I,L)(R,K)φ(G,A)(L,I,V)XT (where φ represents an aromatic amino acid) ; and region 3, aa 322-336, FXXXXYPXXφSφAMG. These regions are also present in the HeV N protein (see Fig.  1 ). Region 3 is located in the most conserved part of the N protein, a region believed to be important for N-N protein interaction during nucleocapsid assembly and, possibly, for binding to RNA (Morgan, 1991 ; Myers et al., 1997 ; Lamb & Kolakofsky, 1996) .
As is the case with N proteins of other paramyxoviruses, the HeV N protein can be divided into three domains based on sequence variability. The central domain (aa 171-383) is the most conserved region, whereas the C-terminal domain (aa 384-532) is most variable. While the central domain is believed to be important in N-N, N-P and N-L interactions, the Cterminal domain is exposed on the surface of nucleocapsids and may be involved in N-M interactions. The C-terminal hypervariable domain is also the site of most of the antigenic epitopes in other members of the Paramyxovirinae (Gill et al., 1988 ; Ryan et al., 1993 ; Lamb & Kolakofsky, 1996) . In this regard, it is interesting to note that the only anti-N monoclonal antibody we have obtained so far recognizes an epitope in the C-terminal domain (L.-F. Wang, unpublished results).
Mapuera virus (MaV), a member of the genus Rubulavirus, was the only characterized paramyxovirus originating from bats prior to the identification of HeV. The MaV N gene sequence has already been published (Henderson et al., 1995) . Since bats are believed to be a natural host of HeV, we were interested to see if MaV and HeV share any unique features that may be related to host specificity. However, other than a similar protein size, 532 aa for HeV and 537 aa for MaV, there seem to be no significant similarities between the two proteins. It will be interesting to see, when sequence data become available, whether the membrane proteins F and H (G) of these two viruses have any significant similarities.
In summary, we have determined the sequence of the entire HeV N gene and part of the amino acid sequence for the N protein. Although the size and sequence characteristics of HeV N protein resemble those of other Paramyxovirinae members, the HeV N protein mRNA displays 5h-and 3h-UTRs whose lengths serve to differentiate HeV from other Paramyxovirinae. Unlike morbilliviruses, which have 5h-and 3h-UTRs of 52 and 59 nt, respectively, the equivalent figures for HeV N mRNA are 57 and 568 nt. In spite of the fact that the overall sequence identity of HeV N protein with members of the genus Morbillivirus is higher than that with other Paramyxovirinae genera, the level of identity is much lower than that observed within known morbilliviruses. Our results indicate that HeV can not confidently be classified as a member of the three existing genera, and that HeV may represent a member of a new evolutionary lineage in the subfamily Paramyxovirinae.
